Role of oxidative stress in ischemia-reperfusion-induced alterations in myofibrillar ATPase activities and gene expression in the heart.
Ischemia-reperfusion (IR) in the heart has been shown to produce myofibrillar remodeling and depress Ca2+ sensitivity of myofilaments; however, the mechanisms for these alterations are not clearly understood. In view of the role of oxidative stress in cardiac dysfunction due to IR, isolated rat hearts were subjected to global ischemia for 30 min followed by a 30-minute period of reperfusion. IR was found to induce cardiac dysfunction, as reflected by depressed LVDP, +dP/dt, and -dP/dt, and elevated LVEDP, and to reduce myofibrillar Ca2+-stimulated ATPase activity. These changes were simulated by perfusing the hearts with a mixture of xanthine plus xanthine oxidase, which is known to generate oxyradicals. The alterations in cardiac function and myofibrillar Ca2+-stimulated ATPase in IR hearts were attenuated by pretreatment with antioxidants (superoxide dismutase plus catalase, and N-acetylcysteine) and leupeptin, an inhibitor of Ca2+-dependent protease. The levels of mRNA for myosin heavy chain isoforms (alpha-MHC and beta-MHC) and myosin light chain (MLC1) were depressed in IR hearts. These changes in gene expression due to IR were prevented upon perfusing the hearts with superoxide plus catalase, with N-acetylcysteine, or with leupeptin. The results suggest that oxidative stress due to IR injury and associated proteolysis play an important role in inducing changes in myofibrillar Ca2+-stimulated ATPase activity and gene expression in the heart.